Objective: Kerosene is commonly available in many parts of the developing world where it is used as fuel for lighting and cooking purposes. Toxic effects of large quantities of kerosene have been reported but there is dearth of data on impact of trace amount of kerosene on mammals. Exposure through either the dermal or oral route is common among humans (kerosene retailers). The aim of the study is to determine the degree of oxidative damage that can result from dermal or oral exposure to trace amount of kerosene. This will be accomplished by utilizing oxidativestress markers like antioxidant enzymes and product of lipid peroxidation as indices of the study. Methods: Using spectrometric techniques; levels of reduced glutathione (GSH), oxidized glutathione (GSSG) and malondialdehyde (MDA) as well as activities of glutathione reductase, glutathione-S-transferase, catalase, superoxide dismutase and glutathione peroxidase were measured. Results: Administration of rats with 0.4 ml/kg b.wt of kerosene for a period of thirty days resulted in significant decreases in either the level or activities of antioxidants (Zn, Cu, Mn, GSH, antioxidant enzymes) and significant increases in the levels of products of oxidation (MDA, GSSG). Conclusion: The result of this study suggests that constant exposure to trace quantity of kerosene may be capable of inducing oxidative stress in mammals. Therefore steps should be taken to discourage constant exposure to kerosene.
INTRODUCTION
Kerosene, a commonly available fuel, in many parts of Asia and Africa is used in both urban and rural areas for lighting and cooking purposes [1] . This makes exposure to kerosene by different categories of human subjects a most likely occurrence. For instance, it is well reported that kerosene is a source of poisoning in thirsty toddlers, who usually mistake kerosene for water, because of its clear colorless appearance. Moreover, because of its volatile nature, the harmful effects of kerosene have been documented in fuel attendants working in fuel stations [2] . Other categories of human subjects to which kerosene exposure is possible are fire eaters and housewives.
Although exposure to kerosene as a type of occupation hazard is well documented but there are other means by which harmful effect of this agent can be felt in the human body. In many parts of the developing world where medical facilities are non-existent or when due to poverty, medical care cannot be accessed, kerosene or some other petroleum products have been used for the treatment of many ailments. For example, its use as an antidote to snake bites, as an anticonvulsant and in the treatment of arthritis, gastrointestinal disorders, burns, foot rot and leg ulcers have been reported [3] . It has also been tried against poisoning and witchcraft. Moreover, either petrol or kerosene has been used in the treatment of skin and eye infections (conjunctivitis), eczema and scabies [4] . In many parts of Nigeria it has been used as an antiseptic aid for cuts and scrapes. Its use for the treatment of head lice, athlete's foot, animal health problems including cracked or infected hooves and worm infections has been documented [5] .
Although kerosene is widely used for an array of medical conditions, the hydrocarbons present in kerosene like hexane, naphthalene, octane, and phenanthrene are known to be toxic in humans. One of the most serious side effects is pneumonia, especially if vomiting is induced after ingestion. Hydrocarbon aspiration causes significant pulmonary disease because it can provoke an inflammatory response, hemorrhagic exudative alveolitis, and loss of surfactant function as primary response. Secondary effects in the lungs on the other hand may include pneumothorax, pneumatocele, or bronchopleural fistula. Prasad et al [6] have recently reported of a case of a bilateral hemorrhagic pleural effusion secondary to hydrocarbon aspiration in a 40-year old adult. Since a number of pathological conditions have been reported to be oxidative stress induced, this study in which female Wistar rats are exposed to trace quantities of kerosene either through dermal or oral route is designed to determine the degree of oxidative stress these animals are exposed to. This will be achieved by using oxidant/antioxidant indices like reduced glutathione (GSH), oxidized glutathione (GSSG), glutathione reductase (GR), glutathione-S-transferase (GST), catalase (CAT), superoxide dismutase (SOD), glutathione peroxidase (GSH-Px) and malondialdehyde (MDA) as well as select antioxidant trace elements as indices of study. It is hoped that this may serve as guide to predict the possible implication of subchronic exposure to trace amount of kerosene in human subjects.
MATERIALS AND METHODS

Experimental animals
This study was carried out in conformity with national and international laws and Guidelines for Care and Use of Laboratory Animals in Biomedical Research; especially as promulgated and adopted by United States Institutes of Health (1985) . Female Wistar rats of between 12 and 14 weeks of age and average weight of 250 g, obtained from the animal house of the Department of Veterinary Physiology, University of Ibadan, were used for the study. The animals were left to acclimatize for two weeks prior to commencement of the experiment. Animals were housed in cages at ambient temperature of 23 ± 3°C and a 12 h light, 12 h dark cycle. All the animals were fed with their specific diets and water without any form of restriction.
Chemicals and reagents
The following were used for the study; kerosene purchased from Mobile filling station located in Osogbo, Osun State, Nigeria. Reagents for the determination of levels of GSH and MDA and the activities of antioxidant enzymes GSH-Px, CAT, SOD, GR, GST were of analytical grade.
Treatment
Rats were divided into 3 groups, with each group consisting of 6 rats. Group 1 consisted of rats exposed to 0.4 ml of kerosene/kg body weight (b.wt) of rats through the oral route as contaminant of feed. Rats in group 2 were treated with the same dosage but the route of administration was dermal; contamination of feed with kerosene was carried out daily because of the volatility of kerosene. Group 3 served as the control. This study lasted for a period of 30 days. Rats in the dermal route of exposure were held individually in their cages for the entire duration of the experiment, to prevent cage mates from grooming and ingesting the fuel.
Assay of level of MDA and activities of antioxidant enzymes
At the end of the 30 th day, whole blood was obtained by retroorbital bleeding which was left to clot and centrifuged for 10 min at 3000 rpm using a table centrifuge. The serum samples obtained were used for the estimation of indices of oxidative stress. These estimations were carried out using Hitachi 902 autoanalyzer (Roche Diagnostic ® , Mannheim, Germany). Estimation of the serum activities of SOD, GSH-Px, CAT and levels of MDA were by the methods of Kakkar et al [7] , Rotruck et al [8] , Sinha [9] and Ohkawa et al [10] , respectively. The GR activity was measured using the method of Zhou and Freed [11] while that of GST was by the method of Habig et al [12] . GSH and GSSG were determined using the methods of Prins and Loos [13] , and Owen and Butterfield [14] .
Estimation of antioxidant trace element levels
Serum levels of the elements Zn, Cu and Se were determined by atomic absorption spectrometric (AAS) usin Buck Scientific 205 Atomic Absorption (Buck Scientific, East Norwalk, CT, USA) was used for this purpose. High-purity analytical grade reagents supplied by BDH Merck Chemicals Ltd (Darmstadt, Germany) were utilized. While all disposable apparatus was vigorously washed before use by immersing in concentrated nitric acid and thoroughly rinsed with deionized, doubly distilled and re-deionized water (Millipore Co., Bedford, MA, USA) of specific resistance of > 3 MΩ. This same deionized, doubly distilled water and re-deionized water was used for the preparation of reagents and working standard. Working standard on the other hand, was prepared from the Spectrosol stock standard 1 g/l (Buck Scientific). Samples and standards were diluted with a 2 mM/l of aqueous solution of Triton X-100 (BDH Chemicals). Test accuracy was carried out using bovine reference material and human serum standard reference material. All dilutions were carried out with the aid of automatic pipetting system (PD 100; Crony Instruments s.r.l., Rome, Italy). Table 1 shows the operating characteristics of AAS for Zn, Cu and Se.
Statistical analysis
Data obtained were expressed as mean ± SEM (standard error of the mean) of six observations. Using SPSS version 15.0, data were statistically assessed by Student's t test to determine the degree of difference between each of the treated group and the control. Analysis of variance (ANOVA) was utilized to test inter-group differences. The level of P < 0.05 was considered significant.
RESULTS
Results of this study showed that the serum levels of antioxidant minerals Zn, Cu and Se were significantly lower (P < 0.05) in all categories of treated rats than controls using Student's t test. Statistical analysis of mean of each of this elements of oral and dermal routes when compared with control (ANOVA) revealed inter group differences that were significant (P < 0.05) and these depletions were much evident in rats orally administered with trace amount of kerosene (Table 2) . Table 3 shows that while serum concentrations of GSH and GSH/GSSG ratio were significantly decreased (P < 0.05); both GSSG and serum levels of MDA were significantly higher in each of the treated group (dermal or oral) compared with control. Table 4 reveals that the serum activities of CAT, SOD and GSH-Px, enzymes of the antioxidant defense system, were significantly decreased (P < 0.05) when orally and dermal exposed rats were compared with control and with these decreases being similar to presentation of some of their cofactors/metal components (shown in Table 1 ) orally administered rats featured enhanced depletions than rats in dermal group. Both GR and GST activities were also significantly decreased although the activities of GST of oral and dermal exposed groups were comparable and not significantly different. In most cases, the indices showed more significant alteration in their levels or activities in the rats exposed to kerosene through the oral routes than rats in dermal route of exposure. Results are expressed as mean ± SEM; *P < 0.05 compared with control using Student's t test. **ANOVA Table 3 . Serum levels of GSH, GSSG, GSH/GSSG ratio and MDA in rats administered with trace quantity of kerosene GSH (mol/ml) GSSG (mol/ml) GSH/GSSG Ratio MDA (nmol/ml) Results are expressed as mean ± SEM; *P < 0.05 compared with control using Student's t test. **ANOVA. Results are expressed as mean ± SEM; *P < 0.05 compared with control using Student's t test. **ANOVA.
DISCUSSION
Xenobiotic-induced oxidative stress is a common phenomenon, and according to Sies [15] , antioxidants prevent oxidative stress by removing free radical intermediates and by inhibiting other oxidation reactions. Both Sies [15] and Davies [16] have suggested that when the levels and activities of antioxidant are reduced cell damage or death may occur. The results of this study which reveals significant decreases in the activities of the antioxidant enzymes (CAT, SOD, GSH-Px) suggest that exposure to trace quantity of kerosene over a period of time can result in free radical generation.
The origin of these free radicals cannot be unassociated with the array of mixtures of chemical compounds that make up kerosene. Tremblay et al [17] have identified that major constituents of kerosene include alkanes and cycloalkanes (68.6%); benzene and substituted benzene (13.7%), naphthalene and substituted naphthalene. Whereas, Muhammed et al [18] and Prasad et al [6] have indicated that other components in kerosene may include hydrocarbons such as hexane, naphthalene, octane, and phenanthrene. Cho et al [19] have also revealed that polycyclic aromatic hydrocarbon naphthalene, an environmental pollutant is a component of jet fuel (a kerosene-based fuel). Moreover, as many as four types of trimethylbenzenes have been identified in blood and tissues of rats following dermal kerosene exposure using capillary gas chromatography/mass spectrometry [20] . Many of these compounds are prone to free radical generation.
Cytochrome P450 2E1 has been identified as the most important enzyme responsible for the metabolism of benzene and therefore its toxicity in rat liver. This has been corroborated by Nakajima et al [21] , who have also indicated that apart from P450 2E1, other cytochrome P450 enzymes act in the metabolism of benzene. Sharma and Rana [22] have revealed that this metabolic processing or biotransformation of benzene results in both mitochondrial and microsomal lipid peroxidation. That lipid peroxidation has been linked with benzene (a component of kerosene) suggests that oxidative stress is involved in the metabolism of benzene and by inference that of kerosene. The significant decrease in the activities of SOD, CAT, GSH-Px, GR and GST as well as significant increase in the MDA and GSSG seems to confirm such conjecture.
In the same study by Sharma and Rana [22] , another observation that suggests the oxidative potential of this kerosene component benzene, is that when these workers investigated the antioxidant role of melatonin against benzene toxicity in rat liver, the results of their studies revealed that though benzene induced lipid peroxidation, inhibition of mitochondrial and microsomal lipid peroxidation occurred after melatonin treatments. Decrease in GSH level in benzene exposed animals has been reported and this raises the possibility that the significant decreases observed for the indices of oxidative stress e.g. GSH and the antioxidant enzymes might have been the oxidative stress potential of kerosene even at low dose exposure level. There are indications that free radical generation may occur through other sources since some other enzymes have been implicated to take part in metabolism of kerosene components e.g. naphthalene [19] .
The implications of the significant decreases in the activities of these enzymes are diverse, one of which is that some of the diseases that are related to imbalance in oxidant/antioxidant defense system may begin to manifest in kerosene exposed animals after an extended period of exposure and by inference in many of the kerosene hawkers/retailers who are constantly exposed to them. For example benzene, an important industrial solvent and constituent of unleaded gasoline and kerosene causes leukemia and aplastic anemia in humans. Its biotransformation in liver to phenol, hydroquinone, catechol and/or muconaldehyde is believed to be responsible for its hematotoxic and/or genotoxic effects [23] . Moreover, the result of metabolic processing of naphthalene has shown that both naphthalene and its close structural analogues cause necrosis of bronchiolar epithelial cells in mice by both inhalation exposure and by systemic administration and that naphthalene cancer bioassays have revealed a slight elevation in bronchiolar/alveolar adenomas in female mice as well as inflammation and metaplasia of the olfactory epithelium in the nasal cavity [24] .
To show that the results of our study may have application in man is the fact that identical work carried out in rats demonstrated a significant, and concentration-dependent elevation in the incidence of respiratory epithelial adenomas and neuroblastomas in the nasal epithelium of both male and female rats [24] , an indication that the toxic effect of naphthalene cut across different species. Moreover, naphthalene derivatives such as methylnaphthalenes and 1-nitronaphthalene have been associated with lesions in both Clara and ciliated cells, manifestations which may be oxidative stress mediated [24] . Data are also available to suggest that extensive oxidation of the aromatic nucleus of naphthalene, nitronaphthalene and the methylnaphthalenes as well as ring epoxidation is a key step in the process involved in cytotoxicity.
Whether the epoxide itself or a downstream metabolite is responsible for the toxic effects is still not clear [24] . Naphthalene has been found through bioassay studies in mice and rats exposed (via inhalation) to show incidences of lung and nasal cancer, respectively. A literature search by Jeffrey [25] for cancer case reports in workers exposed to naphthalene as well as an evaluation of major studies from industries with naphthalene-containing streams having the highest naphthalene exposures and/or most extensive epidemiology data though revealed that a populationbased case-control study of oral and oropharynx cancer found no relation with naphthalene exposure.
Although our routes of exposure were oral and dermal, exposure of naphthalene or some other environmental toxicants to the airway epithelial cells through inhalation leads to airway injury. Specifically, Yildirim et al [26] have reported that naphthalene causes siteselective damage to Clara cells in mouse distal airways and that N-terminally truncated recombinant human keratinocytes growth factor (DeltaN23-KGF) pretreated mice showed enhanced expression of proliferating cell nuclear antigen mRNA by reducing approximately 50% cytochrome P450 isoform 2F2, the enzymes which converts naphthalene into its toxic metabolite.
The results revealed that antioxidant such as GSH, Zn, Cu, Mn as well the antioxidant enzymes were more depleted in kerosene orally administered group than the dermal route, an indication that oral administration of kerosene is more dangerous than the dermal route. This may not be unconnected to differences in bioavailability of kerosene in these two categories of rats. Lower bioavailability is usually associated with skin because of the presence of stratum corneum in the skin which has been recognized as the primary barrier in the absorption of components exposed to the skin.
The results of this study suggest that subchronic exposure to kerosene even at trace amount is capable of inducing free radical generation as revealed by significant decrease in antioxidant enzymes. By implication, one may deduce that many of the human subjects exposed chronically to kerosene irrespective of source of administration may be susceptible to oxidative stress induced disorders and since exposure through inhalation is also possible in kerosene retailers due to the volatility of the kerosene, an aggravation of the degree of oxidative stress cannot be discounted.
